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Abstract 

The purpose of this study was to identify potential alkali-aggregate 

reactivity of local aggregates provided by the Pittsburgh District according 

to ASTM C1260 and to investigate the effectiveness of a combination of 

cementitious materials and aggregates from provided mixture designs in 

suppressing alkali-silica reactivity (ASR) induced expansions according to 

the ASTM C1567. Three ASTM C1260 tests were performed for each 

aggregate (Hanson, Georgetown, and Shelly). A total of 48 ASTM C1567 

tests were performed from the combination of the four mix designs, four 

fly ash sources, and three aggregate sources. The limiting criteria for the 

proposed materials and mix designs was expansions less than 0.08% at 30 

days of testing in accordance to the Unified Facilities Guide Specification 

(UFGS) Division 03 Concrete Section 03 30 00.50. Based on this 

specification, the tested aggregates are considered potentially reactive with 

30-day mortar bar expansions of 0.1970% for Hanson, 0.1683% for 

Georgetown, and 0.1623% for Shelly. However, all 48 combinations of the 

ASTM C1567 tests passed the limiting criteria with 30-day expansions less 

than 0.08%. These results indicate that the constituent project materials 

in the proposed mix designs can effectively mitigate ASR.  

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes. 

Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products. 

All product names and trademarks cited are the property of their respective owners. The findings of this report are not to 

be construed as an official Department of the Army position unless so designated by other authorized documents. 

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR. 
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1 Introduction 

1.1 Background 

The baseline design for the Charleroi Locks originated in 1991 from the 

Lower Monongahela River Navigation System Feasibility Study. The 

feasibility study evaluated the ability of Locks and Dams 2, 3, and 4 of the 

Monongahela River Navigation System to serve navigation interests 

through the year 2050. The conclusion of the study was to implement a “2 

for 3” replacement known as “The Lower Mon Project.”  

The Lower Mon Project consists of replacement of the fixed-crest dam at 

Locks and Dam 2 with a gated dam to be renamed the Braddock Locks and 

Dam, construction of twin 84-ft by 720-ft locks at Locks and Dam 4 to be 

renamed the Charleroi Locks and Dam, removal of Locks and Dam 3 at 

Elizabeth, navigation dredging, and relocation of adversely impacted 

public facilities. The combination of these features will allow for one 

navigation pool between Braddock Locks and Dam and the Charleroi 

Locks and Dam, i.e., a 30.3-mile pool. 

The Charleroi Lock reconstruction began in 2002 with site development 

and has continued as funding has become available for separate contracts 

for the construction of the river wall, upper and lower guide walls, 

emptying basin, middle wall monoliths M22-M27, and river chamber 

completion.  The project uses government-designed concrete mixes 

developed in 2005 by the U.S. Army Engineer Research Development 

Center (ERDC) in Vicksburg, MS, and produced at the left bank batch 

plant, a government-owned, contractor-operated batch plant located 

across the river from the lock chambers.  

1.2 Problem statement 

Alkali-silica reaction (ASR) is a chemical reaction between alkali 

hydroxides in concrete and active minerals in aggregates that can cause 

serious expansion and cracking in concrete.  The premature distress can 

result in loss in serviceability in structures such as locks and dams. It is 

generally recognized that the use of a sufficient quantity of a suitable 

supplementary cementitious materials (SCM) is one of the more efficient 

preventative measures for controlling expansion.   
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Standard test methods to evaluate the ASR susceptibility of aggregates and 

potential methods to mitigate ASR were performed by ERDC in 2005.  

However, the material quality tests were outdated, and some original 

source suppliers of fly ash were no longer available.  To ensure all local 

materials met the quality requirements of the Lower Mon Project 

specifications, the Pittsburgh District re-commissioned the materials 

testing for validation.   

1.3 Objective and scope 

The principal objective of the testing was to determine the potential 

reactivity of three aggregates and the effectiveness in suppressing ASR-

induced expansion using a combination of SCMs in mixture designs 

provided by the District. Such materials include class F fly ash, silica fume, 

and ground-granulated blast furnace slag. Testing was performed in 

accordance to ASTM C1260, Standard Test Method for Potential Alkali 

Reactivity of Aggregates (Mortar-Bar Method), and ASTM C1567, 

Standard Test Method for Determining the Potential Alkali-Silica 

Reactivity of Combinations of Cementitious Materials and Aggregate 

(Accelerated Mortar-Bar Method). A total of 48 tests were performed 

using the combination of mix designs, aggregates, and fly ash sources 

summarized in Table 1. The purpose was to ensure that the mixture design 

adequately mitigated expansions due to ASR in all possible combinations.  

Table 1. Summary of mix designs, aggregate sources, and fly ash sources used in 

combination for ASR testing.  

Mix Design Aggregate Source Fly Ash Source 

Mix 1 Hanson CA Sammis 

Mix 5 Georgetown FA Ft. Martin 

Mix 7 Shelly FA Longview 

Mix 10  Brandon Shores 
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2 Materials  

The materials listed in Table 2 were provided by the USACE-Pittsburgh 

District for testing described in this report. ERDC tested all materials in 

accordance to the ASTM requirement reference in the table for validation 

prior to ASR testing. Results are provided in Appendix A.  

Table 2. Summary of materials used in ASR testing.  

Material Manufacturer Location CMB # 

Testing  

Validation 

Type II(MH) Cement  Armstrong Cabot, PA 150063 ASTM C150 

Class F Fly Ash 

Headwaters 

Resources,  

Ft. Martin 

Maidsville, WV 150064 

ASTM C618 

Headwaters 

Resources,  

W. H. Sammis 

Stratton, OH 150065 

Separation 

Technologies, 

Longview 

Maidsville, WV 180005 

Separation 

Technologies, 

Brandon Shores 

Curtis Bay, MD 180018 

Slag Cement, 

Grade 100 

Argos-Essroc-

Lehigh 
Middlebranch, OH 150066 ASTM C989 

Limestone Powder Graymont Bellefonte, PA 150067 ASTM D242 

Silica Fume Elkem Materials Pittsburgh, PA 150068 ASTM C1240 

Coarse Aggregate Hanson Connellsville, PA 150070 ASTM C40 

ASTM C88 

ASTM C117 

ASTM 

C127/128 

ASTM C131 

ASTM C136 

Fine Aggregate 

Georgetown Georgetown, PA 150069 

Shelly Reedsville, OH 160004 

AEA-92 Admixture 

Euclid Cleveland, OH 

150073 

ASTM C494 

RET 75 Admixture 150074 

WR Admixture 150075 

AW Admixture 150076 

HRWR Admixture37 150077 
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3 Experimental Program 

Expansion-based measurements of ASR damage are by far the most 

common test methods used to assess the ASR susceptibility of aggregates. 

The potential reactivity of the three project aggregates (Hanson, 

Georgetown, and Shelly) was determined according to the ASTM C1260, 

Standard Test Method for Potential Alkali Reactivity of Aggregates 

(Mortar-Bar Method).  

In a similar test, the efficiency of suppressing ASR-induced expansion using 

a combination of SCM’s was determined according to the ASTM C1567, 

Standard Test Method for Determining the Potential Alkali-Silica Reactivity 

of Combinations of Cementitious Materials and Aggregate (Accelerated 

Mortar-Bar Method). The combination of SCMs was based on the 

composition of the four concrete mixture proportions, i.e., Mix 1, 5, 7, and 

10, provided in Table 3 as outlined in the Charleroi project specifications.   

The ASTM C1567 test method was developed for a single aggregate source 

in mortar of standard proportions and currently does not have a method 

for testing a combination of fine and coarse aggregates as specified in the 

actual concrete mixture design. To overcome the fixed concrete mixture 

designs, all three aggregate source materials were tested independently 

with each fly ash source. A total of 48 tests were performed from the 

combination of the four mix designs (Mix 1, 5, 7, and 10), four fly ash 

sources (Sammis, Fort Martin, Longview, and Brandon Shores), and three 

aggregate sources (Hanson, Georgetown, and Shelly).  
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Table 3. Concrete mixture proportions for Charleroi L&D. 

Material 

Mix 1 Mix 5 Mix 7 Mix 10 

Batch Quantities (lb/yd³) 

Cement (lb/yd) 167 191 253 495 

Class F Fly Ash (lb/yd) 158 75 139 165 

Slag Cement (lb/yd) 367 87 69 0 

Silica Fume (lb/yd) 29 0 0 0 

Limestone Powder (lb/yd) 155 0 0 0 

¾ in. Coarse Aggregate (lb/yd) 1,323 739 1,129 1,720 

1 ½ in. Coarse Aggregate 

(lb/yd) 

0 747 935 0 

3 in. Coarse Aggregate (lb/yd) 0 1,000 0 0 

Fine Aggregate (lb/yd) 1,409 958 1,141 1,239 

Potable Water (lb/yd) 303 183 213 258 

Air Entraining Admixture (AEA) 

(fl oz/yd) 

0 8 16 7 

Water Reducing Admixture 

(WRA) (fl oz/yd) 

0 0 0 0 

High Range Water Reducing 

Admixture (HRWRA) (fl oz/yd) 

138.1 0 0 12 

Retarding Admixture (RET) (fl 

oz/yd) 

30.1 7 7 7 

Anti-Washout Admixture (AWA) 

(oz/yd) 

97.2 0 0 0 

 

Material quantities were proportioned to yield four 1-in. by 1-in. by 

11.25-in. mortar specimens, which is one more than the minimum 

required. Each batch consisted of 587 g of cement or cementitious 

materials and 1,350 g of aggregate processed to the gradations shown in 

Table 4. All mortars were prepared with the water-to-cementitious 

materials ratio maintained at 0.47 by mass. Actual ASTM C1567 batch 

proportions scaled from the concrete mix designs previously discussed are 

detailed in Table 5. Due to prolonged setting time, all retarder was 

removed from the mixture proportion, and test specimens were moist 

cured 48 hr (opposed to the standard 24-hr moist cure) before demolding. 



ERDC/GSL TR-19-52   6 

Table 4. Aggregate gradation for testing by ASTM C1260/C1567. 

Retained on Sieve Mass % 

No. 8 10 

No. 16 25 

No. 30 25 

No. 50 25 

No. 100 15 

 

Table 5. Batch proportions used to prepare mortar bars for ASTM C1567.  

Material 

Mix 1 Mix 5 Mix 7 Mix 10 

Mass (g) 

Type II(MH) Cement 136 318 322 440 

Class F Fly Ash 129 125 177 0 

Slag Cement 299 144 88 147 

Silica Fume 23 0 0 0 

Limestone Powder 126 0 0 0 

Admixture Volume (mL) 

Air Entraining Admixture 

(AEA) 
0 0.87 1.33 0.41 

Water Reducing 

Admixture (WRA) 
0 0 0 0.70 

High Range Water 

Reducing Admixture 

(HRWRA) 

5.68 0 0 0 

Retarding Admixture 

(RET) 
0 0 0 0 

Anti-Washout Admixture 

(AWA) 
5.16 0 0 0 

 

The mortar mixes were prepared in 4 min in accordance with ASTM C305 

using a 71-L capacity Hobart planetary mixer with a clearance of 5.1 mm 

between the lower end of the paddle and the bottom of the bowl. First, the 

water was added to the bowl, then each admixture was added into the 

water using a pipette accurate to 1.0 μm. The liquids were then mixed on 
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low until homogeneous. Then, the blended dry cementitious materials 

were introduced and mixed for 30 sec on low. Next, the test aggregate was 

slowly added and mixed for 30 sec. The mixer was then changed to 

medium speed and mixed an additional 30 sec. The mixer was stopped, 

then the mixture was scraped with a spatula for 15 sec, taking care to mix 

the bottom of the mortar. This was then allowed to sit for 90 sec with the 

cover in place. Finally, the cover was removed, and the mortar was mixed 

for 60 sec at medium speed. All molds were filled by compacting the 

mixture with a tamper within 2 min and 15 sec after completion of the 

mixing. The mortar test specimens were stored in a 23ºC moist cabinet for 

48 hr before demolding and making the initial length measurements.  

The test specimens were then immersed in sealed plastic containers filled 

with tap water maintained in a water bath at 80ºC for 24 hr. The zero-

length measurement was then taken, and the specimens were transferred 

in containers filled with a 1-N NaOH solution at 80ºC maintained in a 

water bath at 80ºC to accelerate expansion. Expansion measurements 

were made using a length comparator accurate to 1.0 μm at 3, 5, 7, 14, 21, 

28, and 30 days, which is more than twice as long as the standard test 

duration. The average length change of the four bars is expressed as a 

percentage of the original effective length. 

The measurements at 21, 28, and 30 days are a modification to the ASTM 

procedure requested by the Pittsburgh District.  This modification is to 

ensure potential aggregate expansion is measured, as some local 

aggregates have historically been slow to react within the standard 14-day 

testing time frame.   
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4 Results and Discussion 

All mixing and testing presented in this study closely followed the 

procedures specified in ASTM C1260 and ASTM C1567. The pass/fail 

limiting criteria for the tests conducted in this report are based on the 

specifications given in the Unified Facilities Guide Specification (UFGS) 

Division 03 Concrete Section 03 30 00.50 aggregate quality requirement 

limiting criteria for ASR reactivity. The UFGS states that “final approval of 

the concrete constituents will be based on the requirements for each 

individual constituent and that the final proportioned concrete for each 

mix design meets the reactivity requirement of measured expansion less 

than 0.08 percent at 32 days after casting (30 days of testing) in 

accordance with ASTM C1567.  

The following summary of results are based on the average expansions of a 

minimum of three mortar bars per mixture. Detailed test data worksheets 

of all ASTM C1260 and ASTM C1567 are provided in Appendices B and C, 

respectively.  

4.1 ASTM C1260 

Results of the ASTM C1260 for the three test aggregates (Hanson, Shelly, 

and Georgetown) tested are provided in Table 6 and illustrated in Figure 1. 

The length change percent is an average of four mortar bars.  

Table 6. Average length change percent of all project aggregates in ASTM C1260. 

Age, Days 

Aggregate Source 

Hanson Georgetown Shelly 

0 0 0 0 

3 0.0385 0.0175 0.0053 

5 0.0670 0.0485 0.0343 

7 0.1123 0.0770 0.0697 

14 0.1658 0.1505 0.1420 

21 0.1808 0.1663 0.1490 

28 0.1935 0.1665 0.1603 

30 0.1970 0.1683 0.1623 
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Figure 1. Mortar bar expansions of Hanson, Georgetown, and Shelly aggregates in 

ASTM C1260.  

 

Based on the project limiting criteria, i.e., expansions less than 0.08% at 

30 days, all aggregates are considered potentially reactive with final 30-

day mortar bar expansions of 0.1970% for Hanson, 0.1683% for 

Georgetown, and 0.1623% for Shelly aggregates.  

4.2 ASTM C1567 

Results of the ASTM C1567 test are presented in Table 7. The length 

change percent given is an average of four mortar bars. The average 

expansion at 30 days of all 48 different test mixtures fell below the 0.08% 

limiting criteria.  

It is notable to mention that although still passing, the Hanson source 

aggregate resulted in higher expansions compared to the Shelly and 

Georgetown source aggregates. This compares with the ASTM C1260 

results of the Hanson aggregate producing the highest expansions. This is 

possibly explained by the Hanson source being a coarse aggregate and the 

Shelly and Georgetown sources being fine aggregates. More preparations 

were required for the coarse aggregate to meet the graduation 

requirements, and the crushing of the material could affect the expansion.  
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Table 7. Results of all ASTM C1567 tests at 30 days.  
  

Mixture ID Aggregate Source Fly Ash Source Average % Expansion 

Mix 1 

 

Hanson 

 

Sammis 0.0183 

Ft. Martin 0.0198 

Longview 0.0200 

Brandon Shores 0.0185 

Georgetown 

Sammis 0.0075 

Ft. Martin 0.0075 

Longview 0.0093 

 Brandon Shores 0.0090 

Shelly 

Sammis 0.0090 

Ft. Martin 0.0093 

Longview 0.0073 

Brandon Shores 0.0075 

Mix 5 

Hanson 

 

Sammis 0.0443 

Ft. Martin 0.0470 

Longview 0.0595 

Brandon Shores 0.0440 

Georgetown 

Sammis 0.0185 

Ft. Martin 0.0170 

Longview 0.0188 

Brandon Shores 0.0198 

Shelly 

Sammis 0.0160 

Ft. Martin 0.0147 

Longview 0.0208 

Brandon Shores 0.0193 

Mix 7 

Hanson 

 

Sammis 0.0333 

Ft. Martin 0.0333 

Longview 0.0350 

Brandon Shores 0.0337 

Georgetown 

Sammis 0.0130 

Ft. Martin 0.0168 

Longview 0.0213 

Brandon Shores 0.0195 

Shelly 

Sammis 0.0130 

Ft. Martin 0.0160 

Longview 0.0223 

Brandon Shores 0.0200 

Mix 10 

Hanson 

 

Sammis 0.0638 

Ft. Martin 0.0593 

Longview 0.0728 

Brandon Shores 0.0593 

Georgetown 

Sammis 0.0123 

Ft. Martin 0.0130 

Longview 0.0188 

Brandon Shores 0.0148 

Shelly 

Sammis 0.0135 

Ft. Martin 0.0138 

Longview 0.0167 

Brandon Shores 0.0150 
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4.2.1 Mix 1 

The average length change data are shown in Table 8 for all 12 

combinations of materials using Mix 1. Figure 2 compares the three 

aggregates tested against the four fly ash sources for the Mix 1 design. The 

Hanson aggregate is clearly the most reactive aggregate in Mix 1 regardless 

of the fly ash used. The graphs illustrate similar expansions in both the 

Shelly and Georgetown aggregates. The largest expansion at 30 days was 

0.02% from the Hanson aggregate and Longview fly ash combination. The 

smallest expansion at 30 days, i.e., 0.0073%, was from the Shelly 

aggregate and Longview fly ash combination. All 12 combinations of Mix 1 

meet the project requirement of expansions less than 0.08% at 30 days.  

Table 8. Average length change of mortar bars made from Mix 1 materials. 

Days 

Sammis Fly Ash Ft. Martin Fly Ash Longview Fly Ash Brandon Shores Fly Ash 

*H *G *S *H *G *S *H *G *S *H *G *S 

0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

5 0.0053 0.0020 0.0017 0.0060 0.0008 0.0028 0.0047 0.0023 0.0013 0.0038 0.0023 0.0013 

7 0.0060 0.0038 0.0040 0.0110 0.0025 0.0035 0.0073 0.0040 0.0023 0.0090 0.0040 0.0040 

14 0.0100 0.0048 0.0057 0.0118 0.0040 0.0055 0.0107 0.0060 0.0043 0.0118 0.0063 0.0055 

21 0.0157 0.0050 0.0073 0.0143 0.0060 0.0070 0.0170 0.0073 0.0047 - - - 

28 0.0167 0.0075 0.0083 0.0180 0.0070 0.0085 0.0183 0.0083 0.0063 0.0160 0.0088 0.0075 

30 0.0183 0.0075 0.0090 0.0198 0.0075 0.0093 0.0200 0.0093 0.0073 0.0185 0.0090 0.0075 

*Notes: 

H- Hanson Aggregate 

G- Georgetown Aggregate 

S-Shelly Aggregate 
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Figure 2. Mortar bar expansions versus time for Mix 1. 

 
a) Sammis Fly Ash. 

 
b) Ft. Martin Fly Ash. 

 
c) Brandon Shores Fly Ash. 

 
d) Longview Fly Ash. 
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4.2.2 Mix 5 

The average length change data are shown in Table 9 for all 12 

combinations of materials using the Mix 5 design. Figure 3 compares the 

three aggregates tested against the four fly ash sources. Similar to the 

trends in Mix 1, the Hanson aggregate is the most reactive aggregate in 

Mix 5 regardless of the fly ash used. The highest 30-day length change was 

0.0595% from a combination of the Longview fly ash and Hanson 

aggregate. The lowest 30-day length change was 0.0147% from a 

combination of Fort Martin fly ash source and Shelly sand.  

Table 9. Average length change of mortar bars made from Mix 5 materials. 

Days 

Sammis Fly Ash Ft. Martin Fly Ash Longview Fly Ash Brandon Shores Fly Ash 

*H *G *S *H *G *S *H *G *S *H *G *S 

0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

3 - 0.0000 - - - - 0.0043 -.0013 0.0038 0.0027 0.0043 0.0018 

5 0.0038 0.0050 0.0040 0.0030 0.0030 0.0063 - - - 0.0057 0.0070 0.0080 

7 0.0080 0.0053 0.0065 0.0073 0.0053 0.0080 0.0123 0.0008 0.0035 0.0117 0.0078 0.0070 

14 0.0173 0.0085 0.0090 0.0158 0.0067 0.0100 0.0170 0.0035 0.0025 0.0330 0.0125 0.0120 

21 0.0278 0.0123 0.0113 0.0268 0.0093 0.0100 0.0358 0.0123 0.0105 - - - 

28 0.0420 0.0175 0.0138 0.0465 0.0150 0.0137 0.0595 0.0173 0.0178 0.0427 0.0178 0.0170 

30 0.0443 0.0185 0.016 0.0470 0.0170 0.0147 0.0595 0.0188 0.0208 0.0440 0.0198 0.0193 

*Notes: 

H - Hanson Aggregate 

G - Georgetown Aggregate 

S - Shelly Aggregate 
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Figure 3. Mortar bar expansions versus time for Mix 5. 

 
a) Sammis Fly Ash. 

 
b) Ft. Martin Fly Ash. 

 
c) Brandon Shores Fly Ash. 

 
d) Longview Fly Ash. 
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4.2.3 Mix 7 

The average length change data are shown in Table 10 for all 12 

combinations of materials using the Mix 7 design. Figure 4 compares the 

three aggregates tested against the four fly ash sources. Once again, the 

Hanson aggregate is the most reactive aggregate in Mix 7 regardless of the 

fly ash used. The highest 30-day length change was 0.0350% from a 

combination of the Longview fly ash and Hanson aggregate. The lowest 

30-day length change was 0.0130% in two sources, i.e., the Georgetown 

aggregate and Sammis fly ash combination and the Shelly aggregate and 

Sammis fly ash combination.  

Table 10. Average length change of mortar bars made from Mix 7 materials. 

Days 

Sammis Fly Ash Ft. Martin Fly Ash Longview Fly Ash Brandon Shores Fly Ash 

*H *G *S *H *G *S *H *G *S *H *G *S 

0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

3 0.0043 0.0035 0.0033 0.0015 0.0025 0.0023 0.0013 0.0033 0.0035 0.0027 0.0013 0.0005 

5 0.0108 0.0050 0.0073 0.0083 0.0075 0.0053 - - - 0.0057 0.0043 0.0048 

7 0.0145 0.0075 0.0093 0.0150 0.0095 0.0088 0.0037 0.0033 0.0050 0.0100 0.0045 0.0085 

14 0.0235 0.0098 0.0107 0.0213 0.0128 0.0103 0.0137 0.0047 0.0063 0.0190 0.0098 0.0135 

21 - - - - - - - 0.0100 0.0165 - - - 

28 0.0313 0.0115 0.0120 0.0298 0.0148 0.0133 0.0380 0.0170 0.0188 0.0327 0.0173 0.0183 

30 0.0333 0.0130 0.0130 0.0333 0.0168 0.0160 0.0350 0.0213 0.0223 0.0337 0.0195 0.0200 

*Notes: 

H - Hanson Aggregate 

G - Georgetown Aggregate 

S - Shelly Aggregate 
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Figure 4. Mortar bar expansions versus time for Mix 7. 

 
a) Sammis Fly Ash. 

 
b) Ft. Martin Fly Ash. 

 
c) Brandon Shores Fly Ash. 

 
d) Longview Fly Ash. 
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4.2.4 Mix 10 

The average length change data are shown in Table 11 for all 12 

combinations of materials using the Mix 10 design. Figure 5 compares the 

three aggregates tested against the four fly ash sources. The Hanson 

aggregate is the most reactive aggregate in Mix 10 regardless of the fly ash 

used, which is consistent with the other three mix designs. The highest 30-

day length change was 0.0728% from a combination of the Longview fly ash 

and Hanson aggregate. The lowest 30-day length change was 0.0123% from 

a combination of the Georgetown aggregate and Sammis fly ash source.  

Table 11. Average length change of mortar bars made from Mix 10 materials. 

Days 

Sammis Fly Ash Ft. Martin Fly Ash Longview Fly Ash Brandon Shores Fly Ash 

*H *G *S *H *G *S *H *G *S *H *G *S 

0 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

3 - 0.0047 - - - - 0.0060 0.0003 0.0007 0.0028 0.0025 0.0010 

5 0.0120 0.0037 0.0003 0.0097 0.0043 0.0025 - - - 0.0053 0.0028 0.0023 

7 0.0138 0.0067 0.0033 0.0123 0.0053 0.0062 0.0113 0.0013 0.0033 0.0133 0.0033 0.0030 

14 0.0300 0.0100 0.0088 0.0267 0.0088 0.0070 0.0290 0.0045 0.0043 0.0273 0.0070 0.0093 

21 0.0540 0.0147 0.0105 0.0397 0.0088 0.0105 0.0408 0.0098 0.0070 - - - 

28 0.0605 0.0147 0.0123 0.0563 0.0100 0.0120 0.0665 0.0165 0.0130 0.0565 0.0135 0.0143 

30 0.0638 0.0163 0.0135 0.0593 0.0130 0.0138 0.0728 0.0188 0.0167 0.0593 0.0148 0.0150 

*Notes: 

H - Hanson Aggregate 

G - Georgetown Aggregate 

S - Shelly Aggregate 
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Figure 5. Mortar bar expansions versus time for Mix 10. 

 
a) Sammis Fly Ash. 

 
b) Ft. Martin Fly Ash. 

 
c) Brandon Shores Fly Ash. 

 

d) Longview Fly Ash. 
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5 Summary and Conclusions 

This testing investigated the potential ASR reactivity of 3 aggregate 

sources in accordance to ASTM C1260 and the efficacy to mitigate 

expansion due to potential ASR using a combination of cementitious 

materials and aggregates in accordance to ASTM C1567. A total of 48 

different mixtures were produced from a combination of four fly ash 

sources (Sammis, Fort Martin, Longview, and Brandon Shores), three 

aggregate sources (Shelly, Hanson, and Georgetown), and four mix 

designs (Mix 1, 5, 7, and 10). The following conclusions are made based on 

the results presented herein.  

• All project aggregate sources (Hanson, Georgetown, and Shelly) are 

considered alkali-silica reactive based on the limiting criteria of the 

project specification, i.e., expansions less than 0.08% at 30 days, when 

tested in accordance to the ASTM C1260. 

• The Hanson coarse aggregate source resulted in the highest 30-day 

expansion of 0.1970%, whereas the Georgetown and Shelly fine 

aggregate sources produced similar expansions of 0.1683% and 

0.1623%, respectively.  

• All 48 combinations of materials and mixture designs resulted in 30-

day expansions less 0.08% when tested in accordance to the ASTM 

C1567. These results indicate that the constituent project materials in 

the proposed mix designs can effectively mitigate ASR.  

• The Hanson aggregate/Longview fly ash combination resulted in the 

largest expansions of all four mix design groups. Final 30-day 

expansions with this aggregate/fly ash combination were 0.02% in Mix 

1, 0.0595% in Mix 5, 0.035% in Mix 7, and 0.0728% in Mix 10.  

• The Georgetown aggregate/Sammis fly ash combination resulted in the 

lowest expansions in Mix 1, Mix 7, and Mix 10. Final 30-day expansions 

with this aggregate/fly ash combination were 0.0073% in Mix 1, 

0.013% in Mix 7, and 0.0123% in Mix 10. The highest lowest expansion 

in Mix 5 was 0.0147% from the Shelly aggregate/Fort Martin fly ash 

combination. 

• Higher expansions in the Hanson coarse aggregate compared with the 

Shelly and Georgetown fine aggregates is possibly due to the additional 

crushing involved in the coarse aggregate source to the gradation sizes 

required for both the ASTM C1260 and ASTM C1567 testing.  
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Appendix A: Material Reports 

A.1 Cementitious materials 
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A.2 Aggregate materials 
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Fine Aggregate

Georgetown Sand & Gravel

Mass Ret, g % Ret. Ret. Pass Mass Ret, g % Ret. Ret. Pass

3/8 in. 0.00 0.00% 0.00% 100.00% 0.00 0.00% 0.00% 100.00% 100%

No. 4 10.60 2.19% 2.19% 97.81% 9.30 2.02% 2.02% 97.98% 98%

No. 8 53.90 11.11% 13.30% 86.70% 55.00 11.94% 13.96% 86.04% 86%

No. 16 63.00 12.99% 26.29% 73.71% 56.20 12.20% 26.17% 73.83% 74%

No. 30 89.80 18.52% 44.80% 55.20% 85.90 18.65% 44.82% 55.18% 55%

N0. 40 106.80 22.02% 66.82% 33.18% 102.70 22.30% 67.12% 32.88% 33%

No. 50 95.30 19.65% 86.47% 13.53% 88.60 19.24% 86.36% 13.64% 14%

No. 100 54.00 11.13% 97.61% 2.39% 51.30 11.14% 97.50% 2.50% 2%

No. 200 10.40 2.14% 99.75% 0.25% 9.90 2.15% 99.65% 0.35% 0%

Pan 1.20 0.25% 100.00% 1.60 0.35% 100.00%

Total 485.00 100.00% 460.50

2.707 2.708 2.71

OD Mass, g 489.90 Mass Aft, g 485 Mass Loss, g 4.90 % Loss: 1.00% Avg Loss

OD Mass, g 464.40 Mass Aft, g 460.7 Mass Loss, g 3.70 % Loss: 0.80% 0.9%

Run 1 Run 2 Avg

503.80 507.90

1261.80 1474.60

1573.50 1788.30

192.10 194.20

22.7 22.7

2.623 2.615 2.62

503.80 507.90

496.90 500.90

690.00% 700.00%

1.39% 1.40% 1.39%

2

Gradation > 5%OD Mass, g Mass Aft, g % Loss Wt'ed % Loss

No. 4 2% 0.00 0.00

No. 8 12% 100.40 88.40 12.0% 1.38%

No. 16 13% 100.40 88.70 11.7% 1.47%

No. 30 19% 100.60 87.80 12.7% 2.36%

No. 50 19% 100.30 89.50 10.8% 2.09%

No. 100 11% 100.00 92.10 7.9% 0.88%

Total 8.18% 8.2%

OD Mass, g 477.1 Mass Aft, g 471.20 % Loss: 1.2%

OD Mass, g 471.2 Mass Aft, g 465.40 % Loss: 1.2%

OD Mass, g 270.1 Mass Aft, g 269.80 Loss, g 0.30 Loss, % 0.11%

ASTM C 142 Clay Lumps & Friable Particles:

ASTM C 123 Light Weight Particles and Pieces in Aggregate

Relative Density (Bulk Specific Gravity)(SSD)

ASTM C 88 Magnesium Sulfate Soundness (5 cycles):

SSD Mass, g

Oven Dry Mass, g

Moisture Loss, g

Absorption

ASTM C 40 Organic Impurity Color Plate Number:

Avg % 

Passing

Fineness Modulus:

ASTM C 117 Minus 75um (No. 200)

ASTM C 127: Bulk Specific Gravity & Absorption:

SSD Mass, g

Mass Flask+Water, g

Mass Flask+Water+Material, g

Zinc Bromide 2.40 sp.gr.

Zinc Chloride 2.00 sp.gr.

Run 1 Run 2

ASTM C 136 Sieve Analysis:

Sieve Size
Cumulative Percent Cumulative Percent

Mass Displaced Water, g

Water Temp C

Reviewed by: J. Burroughs/M. Ramsey

Summary of Aggregate Tests Report

Material Description: Performing 

Organizaion:

Geotechnical and Structures Lab

Source: Concrete and Materials Branch

Sponsoring Organization: USACE Pittsburgh District, Lower Mon Area Office

Project: Charleroi Lock and Dam Monongahela River Reconstruction Project

Location: Georgetown, PA Tested by: R. Hardy

CMB Log in #: 150069
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Fine Aggregate

Shelly Materials

Mass Ret, g % Ret. Ret. Pass Mass Ret, g % Ret. Ret. Pass

3/8 in. 0.00 0.00% 0.00% 100.00% 0.00 0.00% 0.00% 100.00% 100%

No. 4 5.90 1.09% 1.09% 98.91% 6.10 1.11% 1.11% 98.89% 99%

No. 8 55.60 10.27% 11.36% 88.64% 57.90 10.56% 11.67% 88.33% 88%

No. 16 60.90 11.25% 22.61% 77.39% 59.10 10.78% 22.45% 77.55% 77%

No. 30 112.50 20.78% 43.39% 56.61% 112.60 20.53% 42.98% 57.02% 57%

N0. 40 146.50 27.06% 70.45% 29.55% 150.40 27.43% 70.40% 29.60% 30%

No. 50 98.60 18.21% 88.66% 11.34% 98.30 17.92% 88.33% 11.67% 12%

No. 100 52.10 9.62% 98.28% 1.72% 53.70 9.79% 98.12% 1.88% 2%

No. 200 8.50 1.57% 99.85% 0.15% 8.80 1.60% 99.73% 0.27% 0%

Pan 0.80 0.15% 100.00% 1.50 0.27% 100.00%

Total 541.40 100.00% 548.40 100.00%

2.654 2.647 2.65

OD Mass, g 544.40 Mass Aft, g 541.4 Mass Loss, g 3.00 % Loss: 0.55% Avg Loss

OD Mass, g 551.90 Mass Aft, g 548.4 Mass Loss, g 3.50 % Loss: 0.63% 0.6%

Run 1 Run 2 Avg

508.60 505.10

1263.50 1479.20

1576.30 1790.10

195.80 194.20

21.8 21.8

2.598 2.601 2.60

499.90 496.60

8.70 8.50

1.74% 1.71% 1.7%

2

ASTM C 88 Magnesium Sulfate Soundness (5 cycles):

OD Mass, g Mass Aft, g % Loss Wt'ed % Loss

No. 4 1% 11.1% 0.12%

No. 8 10% 100.00 88.90 11.1% 1.16%

No. 16 11% 100.00 86.80 13.2% 1.45%

No. 30 21% 100.10 81.90 18.2% 3.76%

Nos. 40 & 50 45% 100.10 90.70 9.4% 4.25%

No. 100 10%

Minus No. 100 2%

Total 100% 10.62% 10.6%

OD Mass, g 531.5 Mass Aft, g 525.60 % Loss: 1.11%

OD Mass, g 535.3 Mass Aft, g 531.40 % Loss: 0.73%

OD Mass, g 156.2 Mass Aft, g 155.80 Loss, g 0.40 Loss, % 0.26%

Fineness Modulus:

ASTM C 117 Minus 75um (No. 200)

Moisture Loss, g

Absorption

ASTM C 40 Organic Impurity Color Plate Number:

ASTM C 142 Clay Lumps & Friable Particles:

ASTM C 123 Light Weight Particles and Pieces in Aggregate

Zinc Bromide 2.40 sp.gr.

ASTM C 127: Bulk Specific Gravity & Absorption:

Zinc Chloride 2.00 sp.gr.

New Solution 1.299 sp.gr.

Gradation > 5%

SSD Mass, g

Mass Flask+Water, g

Mass Flask+Water+Material, g

Mass Displaced Water, g

ASTM C 136 Sieve Analysis:

Run 1 Run 2Cumulative Percent Cumulative Percent

Oven Dry Mass, g

Water Temp C

Relative Density (Bulk Specific Gravity)(SSD)

Avg % 

Passing
Sieve Size

Reviewed by: J. Burroughs/M. Ramsey

Summary of Aggregate Tests Report

Material Description:
Performing Organizaion:

Geotechnical and Structures Lab

Source: Concrete and Materials Branch

Sponsoring Organization: USACE Pittsburgh District, Lower Mon Area Office

Project: Charleroi Lock and Dam Monongahela River Reconstruction Project

Location: Thornville, OH Tested by: R. Hardy

CMB Log in #: 160004
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1811 Schoonmaker Ave.,  

Vicksburg, MS 39180-6199 Monesson, PA 15062

Mass 

Retained, g

% 

Retained

% 

Retained
% Passing

Mass 

Retained, g

% 

Retained

% 

Retained

% 

Passing
Avg. % Passing

No. 16 0.00 0.00% 0.00% 100.00% 0.00 0.00% 0.00% 100.00% 100.00%

No. 30 0.52 0.51% 0.51% 99.49% 0.60 0.53% 0.53% 99.47% 99.48%

No. 50 0.50 0.49% 1.00% 99.00% 0.58 0.51% 1.04% 98.96% 98.98%

No. 100 1.93 1.89% 2.89% 97.11% 2.08 1.83% 2.87% 97.13% 97.12%

No. 200 22.00 21.56% 24.45% 75.55% 24.16 21.25% 24.12% 75.88% 75.72%

Minus No.200 77.09 75.55% 100.00% 86.28 75.88% 100.00%

Original Sample 102.04 100.00% 113.70 100.00%

Run 1 Run 2Cumulative Percent Cumulative Percent

Project: 

 Report on Test 

Specifications: 

ASTM C1271 and C1301 for chemical properties and ASTM 

D546 and D4318 for physical properties of limestone powder.

Charleroi Lock and Dam Monongahela River Reconstruction Project

Limestone Powder

Manufacturer:

Location: Pleasant Gap, PA

CMB Serial #: 150067

Performing Orgnaization: Sponsoring Orgnaization:

U.S Army Engineer Research and Development Center U.S. Army Corps of Engineers

Geotechnical and Structures Laboratory (CEERD-GMC) Pittsburgh District, Lower Mon Area Office

3909 Halls Ferry Road 

Material Description:

Graymont Limestone

Chemical Analysis

SiO2, %

Test Results

0.95

3.26Mg as CaMg(CO3)2, % 

Residual Ca as CaCO3, %

Calculated Compounds

Mg as MgCO3, %

Calculated Carbonates as CO2

Ca as CaCO3, %

L.O.I. / CO2 Balance

96.69

1.49

1

C, %

Loss on ignition (950°C), %

K2O, %

MgO, %

CaO, %

Na2O, %

Al2O3, %

Fe2O3, %

94.92

ASTM D 546 Sieve Analysis of Mineral Filler for Bituminous Paving Mixtures:

Remarks: Limestone powder material is considered non-plastic Silty Sand (SM), Gray when tested in accordance to ASTM D4318 

0.38

0.15

54.18

0.04

0.09

0.71

0.17

43.29

Sieve Size

Calculated Compounds- Mg as Dolomite

43.29
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A.3 Admixtures materials 
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Appendix B: Worksheets for ASTM C1260 
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Appendix C: Worksheets for ASTM C1567 
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Unit Conversion Factors 

Multiply By To Obtain 

cubic feet 0.02831685 cubic meters 

cubic yards 0.7645549 cubic meters 

degrees (angle) 0.01745329 radians 

degrees Fahrenheit (F-32)/1.8 degrees Celsius 

feet 0.3048 meters 

gallons (US liquid) 3.785412 E-03 cubic meters 

inches 0.0254 meters 

mils 0.0254 millimeters 

ounces (US fluid) 2.957353 E-05 cubic meters 

pounds (force) 4.448222 newtons 

pounds (force) per square inch 6.894757 kilopascals 

pounds (mass) 0.45359237 kilograms 

pounds (mass) per cubic foot 16.01846 kilograms per cubic meter 

quarts (US liquid) 9.463529 E-04 cubic meters 

square inches 6.4516 E-04 square meters 

tons (force) 8,896.443 newtons 

tons (2,000 pounds, mass) 907.1847 kilograms 

tons (2,000 pounds, mass) per square foot 9,764.856 kilograms per square meter 

yards 0.9144 meters 
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